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ABSTRACT 
 
Evolution can occur rapidly, along timescales that are traditionally 
regarded as “ecological”.  Despite growing acceptance among biologists of 
rapid evolution, a strong paradigm of contemporary evolution is still absent in 
many sub-disciplines.  Here I apply a contemporary evolution viewpoint to 
conservation biology. 
Specifically, I examine the impact of cane toads (Bufo marinus) on 
Australian snakes.  Toads were introduced into Australia in 1935, have spread 
rapidly and represent a novel, extremely toxic prey item to naïve Australian 
predators (including snakes).  Based on dietary preferences and geographic 
distributions I find that 49 species of Australian snake are potentially at risk 
from the invasion of the toad.  Furthermore, examination of physiological 
resistance to toad toxin in 10 of these “at risk” species strongly suggests that 
most species of Australian snake are poorly equipped to deal with a likely dose 
of toad toxin.  Even species that are highly resistant to toad toxin (such as the 
keelback, Tropidonophis mairii) face indirect fitness costs associated with 
consuming toads. 
Within a population of snakes however, the impact of toads is unlikely to 
be random.  For example, the examination of several component allometries 
describing the interaction between snakes and toads revealed that, within a 
species, smaller snakes are more likely to ingest a fatal dose of toad toxin than 
are larger snakes.  
ix 
Further consideration of the interaction between snakes and toads 
suggests that toads will not only be exerting differential impact on snakes based 
upon morphology, but also exert non-random selection on prey preference and 
resistance to toad toxin in snake populations.  To examine the possibility of a 
morphological response by snakes to toads, I examined changes in the body 
size and relative head size of four species of snake as a consequence of time 
since exposure to toads.  Two of the species (green treesnakes and red-bellied 
blacksnakes) are predicted to face strong impacts from toads. These two species 
showed an increase in mean body size and a decrease in relative head size as a 
consequence of time since exposure to toads; both changes in an adaptive 
direction.  In contrast, the other two species (keelbacks and swampsnakes) are 
predicted to face much lower impact from toads, and these two species showed 
little or no evidence of morphological change associated with time since 
exposure to toads.  These results indicate an adaptive change in morphology at 
a rate that is proportional to the predicted level of impact for each species, 
strongly suggesting an evolved response. 
Red-bellied blacksnakes (a toad-vulnerable species) were further 
assessed for evolved responses in prey preference and toxin resistance.  
Comparisons between toad-exposed and toad-naïve populations of blacksnakes 
revealed that snakes from toad-exposed populations exhibited slightly higher 
resistance to toad toxin and a much-reduced tendency to eat toads, when 
compared with toad-naïve snakes.  Naïve snakes exhibited no tendency to learn 
avoidance of toxic prey, nor were they able to acquire resistance to toxin as a 
x 
result of several sub-lethal doses, suggesting that the observed differences 
between populations is evolved rather than acquired.  Together, these results 
strongly suggest that blacksnakes are exhibiting an evolved shift in prey 
preference and toxin resistance as a consequence of exposure to toads. 
Thus, it appears that snakes are exhibiting adaptation at multiple traits in 
response to exposure to toads.  Given the high likelihood that these adaptive 
shifts have an evolved basis, it appears that the impact of toads will decrease 
with time in many snake populations.  But what about toads?  Because the 
outcome of the interaction between a toad and a snake is also mediated by the 
body size and relative toxicity of toads, it is important to understand how these 
traits vary in space and time.  Exploratory analysis revealed that toads exhibit a 
decrease in body size and a decrease in relative toxicity as a consequence of 
time since colonisation, indicating that their impact on native predators 
decreases with time.  Additionally, there appears to be meaningful spatial 
variation in toad relative toxicity, indicating that some populations of native 
predators are facing higher impact from toads than others. 
Overall, these results clearly indicate the importance of assessing the 
potential for rapid evolutionary response in impacted systems.  Doing so may 
provide evidence that some species are in less trouble than originally thought.  
Additionally, and as more data accumulate, it may be possible to characterise 
certain categories of environmental impact by their potential for eliciting 
adaptive response from “impacted” species.  This approach has strong 
xi 
implications for the way conservation priorities are set and the way in which 
conservation dependent populations are managed. 
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PREFACE 
 
It was with some surprise that I put all these chapters together and 
noticed that they formed a reasonably themed, focussed piece of work.  The 
progression of ideas and data presented herein has only a weak association 
with real time.  Often, for either logistical or no apparent reason, horses went 
before carts and good ideas came along after they were needed.  I suspect this is 
a normal part of the discovery process.  Well, it’s normal for me, anyway. 
I also suspect that the loose association between time and logic’s arrow is 
not necessarily a problem.  Someone famous once remarked that a scientific 
paper is one of the most contrived instruments imaginable and I suspect, in 
most cases, they were right.  This thesis thus consists of eight, highly contrived 
pieces of writing as, for pragmatic reasons, each data chapter has been written 
in the format of a paper.  Another outcome of a thesis presented in such a 
manner is redundancy.  Many chapter introductions and discussions repeat 
previous chapters and one may get the impression that one is being harped at.  
This was not my intention and I hereby express sincere apologies to any reader 
sensitive about finger waggling. 
The work and ideas presented here are almost entirely my own.  
Spending most of my time off campus reduced my chances for active 
collaboration but did allow me relative freedom to develop and test ideas.  
Occasionally, by either design or accident, I got lost and my supervisor, Richard 
xiii 
Shine, provided useful guidance.  Rick and others have also made many useful 
corrections to my, occasionally rambling, prose.   
Unfortunately, endless hours were spent bogged down in administration 
with the net result that animals were collected under permits S10769 and B2272 
(NSW), SF004029 (WA), W4/002711/01/SAA, WISP00947103, WITK00946503 
and ATH03/017 (Qld), and 15292, 15225, 12460 and 11195 (NT).  The record for 
the state with the longest permit approval time goes to Queensland, with an 
administration time of eight months, during which time I could do nothing but 
develop ulcers.  The project was approved by the Animal Care and Ethics 
Committee of the University of Sydney (protocols L04/4-2003/2/3737 and 
L04/9-2003/3/3192). 
